D-dimer is a high molecular weight fibrinogen derivative resulting from the cleavage of cross-linked fibrin and reflects both thrombin production and/or activation of fibrinolysis.
1 Elevated D-dimer levels have been reportedly associated with increased risk of coronary artery disease 2, 3 and more recently related to higher risk of ischemic stroke 4 and total mortality. 5 Variability of D-dimer levels in a healthy population is poorly explained by common cardiovascular risk factors. So far, the relationship between D-dimer and dietary habits has been poorly investigated with the exception of few intervention studies aimed at monitoring the effects of a high-fat dietary supplementation on several coagulation factors, including D-dimer. 6 The possible role of dietary habits on D-dimer at epidemiological level has never been explored. The traditional Mediterranean diet (MD) is a healthy dietary pattern reportedly linked to lower mortality and risk of major chronic disease 7 and is characterized by a wide consumption of plant foods, cereals, legumes, fish, olive oil. The anti-thrombogenic effect of an MD has been largely documented 7 and partly ascribed to its high content of antioxidants, fiber, monounsaturated and polyunsaturated fatty acids. 7 In particular, antioxidants and polyphenols have been shown to exert a positive role against ischemic vascular disease mainly due to their anti-inflammatory properties. More recently, MD has been associated with reduced platelet and leukocyte counts, two cellular biomarkers of low-grade inflammation. 8 The aim of the present study is to investigate the association between D-dimer levels and adherence to the MD in a large community-based sample of the Italian population.
Analyses were conducted in the framework of the Moli-sani Project, a cohort study that had randomly enrolled 24,325 men and women aged ≥ 35 from the general population of a Southern Italian region from March 2005 to April 2010. 5, 7, 8 For the present study, individuals from the Moli-sani cohort reporting at baseline a personal history of cancer or cardiovascular disease (CVD), those for whom there were no data on D-dimer (10.3%) or C-reactive protein (CRP), or reporting CRP protein >10 mg/dl (4.0%), or unreliable dietary or medical questionnaires were excluded from the analysis. The final sample was of 17,403 subjects (47% men, mean age 54±11 yrs). Food intake was determined once at recruitment by the validated Italian version of the "European project investigation into cancer and nutrition" (EPIC) food frequency questionnaire. 9 Adherence to the Mediterranean diet was appraised by using the Mediterranean Diet Score developed by Trichopoulou et al. 10 D-dimer was measured once at recruitment on fresh citrated plasma by an automated latex-enhanced immunoassay (HemosIL-IL, Milan). Multivariable logistic regression was used to calculate the odds (and corresponding 95% confidence intervals) of having D-dimer >221 ng/mL in different categories of increasing adherence to MD. The cut-off of 221 ng/mL was fixed according to previous studies in which that cut-off discriminated between low and high risk of total mortality.
5 Table 1 shows the main characteristics of the whole population sample and according to quartiles of D-dimer levels. Subjects in the highest D-dimer categories were older, mainly women, non-smokers, low educated and reported higher prevalence of hypercholesterolemia and increased CRP levels and Body Mass Index. In multivariable linear regression analysis adjusted for age, sex, body mass index, total calories, hypertension, dyslipidaemia, diabetes, smoking habits, education, income, total physical activity, the adherence to MD was clearly associated with a decrease in D-dimer levels ( (Table 3 ) and no P for difference of effect was statistically significant (data not shown). Data also indicate that each food item of the MD contributed equally to the association of MD score with D-dimer levels, because when each component of the score was removed, the odds ratio remained practically unchanged (data not shown).
Our results show that a greater adherence to the Mediterranean diet is significantly associated with a reduction in D-dimer levels in multivariable models controlling for a number of possible confounders. The association was independent from a large panel of covariates, was not driven by a specific food item and was homogenous across strata at different CVD risk. The anti-thrombogenic effect of an MD has been largely documented and partly ascribed to its high content of antioxidants, fiber, monounsaturated and polyunsaturated fats. 7 In particular, antioxidants and polyphenols have been shown to exert a positive role against ischemic vascular disease. 11 We found, for the first time to the best of our knowledge, that high adherence to MD is associated with lower D-dimer levels, in a large apparently healthy adult population. The differences in D-dimer levels according to adherence to the MD are much higher (in percentage of population variability) than those observed for CRP levels. The observed association was independent from a large panel of potential covariates, including CRP and a composite score of low grade inflammation, and
was not driven by a specific food item. D-dimer levels correlate with inflammatory markers, and adherence to Mediterranean diet is associated with a reduced inflammatory condition. This evidence constitutes a possible explanation of the findings of the present manuscript; however, D-dimer levels remain lower in subjects with higher adherence to the Mediterranean diet also after further controlling for C-reactive protein or for a composite score of low grade inflammation (including C-reactive protein, white blood cell, platelets and granulocytes to lymphocytes ratio).
Our finding is in agreement with results from the International MONICA study of associations of D-dimer with an European gradient of coronary heart disease, 12 which reported lower D-dimer levels in Italy and other
Mediterranean countries, consistent with a possible effect of Mediterranean diet on D-dimer levels.
D-dimer levels also reportedly correlate with factor VII and tissue factor levels 13 and the Mediterranean diet has been associated with reduced factor VII and tissue factor levels. 14 These observations suggest another possible explanation of our findings. Unfortunately, lack of data on factor VII or tissue factor in our population sample did not allow to test the hypothesis that the association of D-dimer with the Mediterranean diet is modulated by these hemostatic parameters.
A major limitation of this study is its cross-sectional nature which cannot allow the inference of possible causality. Caution is also needed in extending the results presented here to larger population contexts, since data were collected in a region located between Central and Southern Italy, Mediterranean by tradition and
culture. Yet, the main characteristics of our population sample are comparable to those of the Italian Cardiovascular Epidemiological Observatory: our sample could therefore be considered representative at least of the Italian population. The possibility of residual confounding cannot be entirely excluded, although our analyses have been adjusted for a very large panel of potential confounders.
In addition, we cannot estimate the real improvement, in terms of reduction of the risk of major clinical outcomes, that could be ascribed to the relatively small difference in mean D-dimer levels observed between the lowest and highest group of adherence to the MD.
To our knowledge, this is the first large epidemiological study considering the traditional Mediterranean diet as a possible determinant of D-dimer levels in an adult healthy population. Our data suggest that higher adherence to the MD is associated not only with a lower inflammatory status but also with a reduced tendency to develop a hypercoagulable state.
Since the Mediterranean diet has been related to reduced mortality (similarly to low D-dimer levels) we might speculate that this effect could be partly explained by the association of this dietary pattern with lower Ddimer levels. However, we cannot exclude that lower D-dimer levels could be simply a marker of adherence to the Mediterranean diet without any clinical significance. 
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